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Summary 
Skin color tone of fruits is one of important factors of apple fruit qualities. but has ever been dis. 
tinguished and valuated by judgments on the base of naked eyes ・Thisstudy have the first try to ex-
press itby using numerical data from the image analysis. Six species of 3一dimensionaldistributions 
patterns. namely. 6 combinations of each value of the 3 chromatic values (Lへa*andb*) as the x axis. the 
color speck area or the shape coefficients (K) of color speck as the y axis and the % of frequency of the 
number against the total number as the z axis. respectively. were us巴das the numerical data in the pre-
sent study. Further. their means or standard deviations were also used in the numerical comparisons. 
As the results. in either case of the contour maps. there is no similar distribution pattern among 
the 16 apple cultivers used. Therefore. itis thought that these patterns and their statistical values from 
the present method may be used successfully in distinguishing and valuating the skin color tone of apple 
fruits. 




































い再現性の高い色調の識別， 評価が可能であると考えら しかし，表面色の 3原色のうち黄色と青色を混合すると
れる.本報告は上記の観点から実施したリンゴの果実表 緑色になり，光の3原色である緑色と赤色を混合すると


























































































A Dichroic image B=Inversion of A 
ω 
E=Inversion of D 
ω 
H=Inversion of G 
(. 
I=H-E ]=Inversion of 1 
Fig. 1. The algorism of calculations of brightness to extract a image with brightness belonging between 2 
thresholds. 
A:A d凶 roicimage havi昭 2values of bright同 ss(background =0， speci耐日=255)
C: A dichroic image with 2 values of brightness (below than a lower threshold=O， above than a 
lower threshold=255). 
F:A d凶 roicirnage with 2 values of brightness (below than a higher threshold =0， above than a 
higher threshold = 255). 
D， G and 1: Algor凶 nof subtraction of brightness. 255 (w h巾 )-255(wh山 )=0(black)， 0 (black)) 
o (black) = 0 (black)， 255 (wh山)-0 (black) = 255 (white)， 0 (black) -255 (white) = -255 (0→O 
(black). 
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Fig. 2. An example of the image analyzing process to extract a image with brightness of green light belonging between 2 
thresholds from a full color image of an apple peel (a) of‘Fuji'. 
b: A d凶 rOlC1凹ma
c : A image expressed by analog RGB 32 coω10印rsconve引rt匂edfrom br口1昭ghtnessof green light仁. 
d， e， f， g， h， i， j and k corresponds to C， D， E， F， G， H， 1 and J inFig. 1， respectively. 1 indicates a process of calcula. 
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Fig. 3. Relationships between L. value and bright. 
ness of green light (upper). between a. 
value and brightness of green light 
(middle) and between b・valueand bright. 























































Table 1. The coefficients (a， b， c)and the constant (d) of the equations (y = ax + bx2 + cx3 + d)for estimati時 chromaticvalues (L'， a'and b') using 
brゆt閃 ssof green 1凶ltand blue 1ゆton a mon巾 r，respectively， and the coeficie山 ofmultiple correlations (R) of 16 apple cultivars. 
Coefficients of an equation for b・
(y)using brゆ tnessof bl ue 1帥 t(x)
Coefficients of an equation for a' 
(y)凶 ngbrゆtnessof green 1ゆt(x)
Coefficients of an equation for L・
(y) using brightness of green light(x) Cultivars 
R d 106c 104b 10a R d 106c 104b lOa R d 106c 104b 10a acqUl' sitionsZ 
0.8483… 10.99 -23.91 59.60 -2.306 -0.9070'" 36.19 11. 91 -39.41 1.491 0.9612・"x26.17 1.658 -5.776 1.769 1 ZM. R.Y 






0.9177… 11.15 1.839 -1. 512 2.124 ー0.9557…44.85 5.267 21.25 0.524 0.9730・H25.29 3.355 16.45 3.792 Kagayaki 1 
Jonathan 2z 0.8956… 8.499 14.16 -27.70 2.772 ー0.9214…38.55 7.025 -30.42 1.294 0.9828"・24.29 3.984 一15.643.007 
0.9661山13.81 -33.61 69.10 -1.835 -0.9522… 28.26 11.53 ー45.883.389 0.9784・32.57 0.207 0.903 1.293 3 Tsugaru 
0.4748… 11.55 1.248 4.409 0.037 0.6683… 43.41 5.293 1.988 0.201 0.8458山27.73 1.224 3.064 1.510 3 Akane 
0.7981… 8.868 5.910 19.64 ー0.764-0.9525… 35.05 4.500 -21.12 0.952 0.9759・H25.09 3.115 14.42 3.285 1 Nero 26 
0.7502… 13.74 13.85 34.01 -1.433 ー0.9542"・37.57 5.720 21.93 0.616 0.9631… 28.82 0.612 2.799 1.679 3 Senshuh 
0.8892… 13.51 1.009 4.134 1.103 0.9847… 47.24 1.381 4.130 2.659 0.9632・H30.48 0.396 4.552 2.167 Jonagold 
?? ? ?
0.6948… 13.98 1.663 -3.123 0.800 -0.9580・H47.81 5.126 -19.24 -0.203 0.9465… 36.54 市 1.5434.187 1.142 Hokutoh 3 
0.8461… 7.462 8.829 ー25.203.330 ー0.5996…29.84 26.63 81.10 5.830 0.9443… 22.22 ー7.74127.46 4.347 S. D: 
??
?
0.9062… 5.404 11.08 ー16.382.478 -0.4843… 27.29 21.25 -74.45 6.150 0.9684山22.95 2.031 9.700 2.855 Redspur 
R. D.u 0.8071"・0.535 48.34 -99.36 6.789 -0.8002… 33.46 10.55 -38.11 2.472 0.9594・H27.26 0.560 
2.786 
-3.787 1.891 2 
0.7628… 11.84 一2.2023.100 0.758 -0.9238… 48.29 0.771 ー4.186-1. 087 0.9342… 26.38 13.51 3.431 3 Yohkoh 
0.9073山10.68 10.71 20.15 0.240 0.9537… 5.525 0.824 0.9850・H29.71 3.932 2.055 44.09 0.794 0.401 3 Fuji 
0.7415… 
Z Samples were obtained from the orchard of Ymamagata University Farm (1)， the experimental orchard of Faculty of Agriculture of Yamagata Univers均 (2)
and markets (3). 
Y McIntosh Red. 
x "・ indicatesP < 0.001 (t-test) 
W American Summer Pearmain. 
V Starking Delicious. 
U Richard Delicious. 






















らV値に変換する 3次までの多項式 (Y=aX+bX2 + 
CX3十d，ただし， YはLγV表色系各色度値 xは各輝
度値)の各係数 (a，b， c)，切片 (d)および重相関係
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Fig. 4. An example of a contour map of L' value(x axω， area of color speck (y 
axis) and the % of frequency of the number of color specks against the 
total number (z axis) (upper). An expression of the same distribution 









同ーの形式で 3軸を表現した品種(5果平均)当り 6 ーンは着色斑と密接であるが L*値やV値に関連する
種類の 3次元分布図 (L*一色斑面積一度数%，♂一色斑 パタ ンはむしろ地色斑に密接である.したがって，こ




分布図のパターンが似た場合でも 他の種類の分布図の デ タ(いずれも y軸)ならびに度数%あるいは面積%
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Fig. 5. Examples of 6 species of contour maps of 4 apple cultivars. The left， middle 
and right part indicates the distribution pattern of L・value，a' value and b' 
value ，respectively， as x axis. The upper and lower part of each cu1tivar indi-
cates area of color speck and shape-coefficient (K) of color speck， respectively， 









Table 2. Several examples of strong separations of some statistical valu巴sfrom the distribution data of the several combinations of x axis 
(chromatic values， L'， a'and bつ， y axis (area of color speck or shape-coefficient (K)) and z axis (% of the color speck area per xy block 
or frequency (%) of number of the color specks per xy block) amo昭 16apple cultivars. Abbrev凶 ionsof the cultivars referωTable 1. 
Shape-coefficient (K) of a color speck 
Frequency (%) of number of color specks per xy block 
L' aba' 






Area of a color speck 
% of color speck area per xy block 
L' a・











M. R. 29.5 efg 
18.1 gh 































8.7 h 17.8 ef 20.5 h 34.0 cd 229 abcde A. S.P. 
Kagayaki 
Jonathan 








11. 8 f 12.7 i 
29.5 ef 8.1 i 12.0 i 



























246 abc Tsugaru 
Akane 41.2 a 11. 6 ef 
8.1 g 
12.1 de 
43.6 ab 30.5 ef 
? ? ?
25.7 f 36.0 e 26.7 ef 34.7 cd 
155 g 
216 def Nero 26 
26.0 f 45.2 cd 36.1 e 28.8 ef 34.9 cd 43.6 gh 
52.3 abc 
234 abcd 
13.5 h 15.2 a 23.1 b 18.1 h 51.9 a 15.4 a 36.8 e 39.3 a 
Senshuh 
32.7 cde 15.1 a 18.8 cde 46.1 a 31.3 e 52.8 a 45.9 a 
19.9 h 250 ab Jonagold 
Hokutoh 
41.3 a 12.2 e 
40.9 ab 9.2 g 
11. 6 f 37.3 abc 







39.7 de 38.0 bc 32.2 h 
15.1 ab 













39.8 ab 40.5 ef 8.4 g 
6.6 h 
36.9 e 29.2 f 
35.2 cd 41.0 e 36.2 e 
41.7 a 
39.0 a 







221 cde Redspur 
R. D. 205 ef 
217 de Yohkoh 




z Mean of the chromatic values of 5 fruits per cultivar. 
Y Mean of standard deviations of the chromatic value of 5 fruits per cultivar 
x Means of the statistical value with different letters in the same column were significantly different at P=0.05 by DUncan's multipl己rangetest. 
















Table 3. Relationships between 3 degrees in the unevenness of coloring from judgments based 
on naked eyes and 3 degrees of the statistical values in the 16 apple cultivars. Numer. 
als indicate numbers of the apple cultivars. L.M and S indicates large， medium and 
small of the statistical values， respectively 
Degrees of Chromatic Mean of 






Mean of color Mean of shape 
speck area coeficient 
L' 




4 0 0 3 1 0 
o 2 2 2 1 
3 1 0 1 2 
1 5 2 2 4 2 
1 5 2 2 3 3 
22 4 3 1 4 
o 3 0 3 
4 0 0 2 1 
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Table 4. Relationships between 3 degrees in the coloring grain from judgments based on the 
naked eyes and 3 degrees of the statistical values in the 16 apple cultivars. Numerals 
indicate numbers of the apple cultivars. L， M and S indicates large， medium and 
smal of the statistical values， respectively. 
gram 
Degrees of Chromatic Mean of 






Mean of color Mean of shape 
speck area coefficient 
1" 







2 3 0 






3 2 0 0 3 2 
3 1 0 2 3 
2 3 o 1 3 1 
3 2 2 2 2 
1 4 2 2 2 
0o 6 1 2 3 
1 3 3 1 
1 4 0 3 2 0 


















































小さく L*値の標準偏差が大きく x軸に f値をとっ
た場合の色班面積の平均面積が大きく， b*値をとった場













































Fig. 6. Several images extracted w出 3wide intervals of brゆtnessof green light (10-80， 80-110 
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